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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a photocatalyst tile and its manufacture approach, and while 
heightening the photocatalyst effectiveness by forming in a tile front face especially the coat (a "light catalytic coat" 
being called below) which has the photocatalyst function of a thick film, it is related with the approach of 
manufacturing the photocatalyst tile which prevented the iris phenomenon by interference, and such a photocatalyst tile 
with chemical vapor deposition (CVD). 
[0002] 

j Description of the Prior Art] For the purpose of preventing the cloudiness of a base material, and waterdrop formation 
by carrying out hydrophilization of the front face of transparence base materials, such as a mirror, and a lens, sheet 
glass, to altitude conventionally While preventing surface dirt and giving a surface self-consecration (self-cleaning) 
function by carrying out hydrophilization of the front face of building materials, or a machinery or various goods to 
altitude Dirt is made easy to remove, and in order to make cleaning easy, forming light catalytic coats, such as a light 
catalytic titania (Ti02), in a base material front face is performed (JP,9-241038,A, the international public presentation 
WO 96/29375, JP,61-83106,A). The matter which has photocatalyst functions, such as a light catalytic titania, carries 
out hydrophilization of the base material front face to altitude by the hydrophilization effectiveness by optical pumping, 
prevents formation of waterdrop, and prevents the cloudiness by dispersion of light. Moreover, while the dirt containing 
many oleophilic components stops being able to adhere easily, surface self-consecration and an operation are acquired 
and adhering dirt also becomes easy to come off. Moreover, the above-mentioned effectiveness is heightened also by 
promoting disassembly of NOx, or the SOx or the organic substance by the photocatalyst effectiveness. 
[0003] The light catalytic coat of Ti02 grade is formed in thin films, such as 100-800nm (JP,9-241038,A) or about 0.2 
micrometers or less (international public presentation WO 96/29375), in the former. As the membranous formation 
approach of having such a photocatalyst function, the sol gel process by spreading of the suspension containing Ti02 
particle and baking is indicated by JP,9-241038,A and the international public presentation WO 96/29375. 
[0004] Although CVD is indicated by JP,61-83106,A as a coat forming method, it is not taken into consideration 
especially about the membrane formation conditions or coat thickness. When forming Ti02 coat in a tile front face by 
CVD conventionally, in addition, generally As shown in drawing 1 , after carrying a tile 2 on the tile conveyance belt 1 
and conveying and heating in the heating zone 3, Convey in the vacuum evaporationo room 4 where TiC14 steam 
generated in TiC14 (titanium tetrachloride) steam generating furnace 5 is introduced, a tile front face is made to vapor- 
deposit Ti02 produced at the hydrolysis reaction of the following formula in the vacuum evaporationo room 4, and 
membrane formation is performed by cooling after that in the cooling zone 6. 
[0005] 

tiCI4+2H - 2 0->TiO, 2+4 HC1, in formation of Ti02 coat by such CVD, temperature of 300-500 degrees C and TiC14 
steam generating furnace is made into about 35 degrees C, and, as for the temperature of a heating zone, Ti02 coat with 
a thickness of about 0.08 micrometers is formed by the former. 
[0006] 

[Problem(s) to be Solved by the Invention] In the Prior art which forms a light catalytic coat in the thickness below 
800nm (= 0.8 micrometers), it was easy to produce the iris development by interference of light, and there was a 
problem on a design. Moreover, when thickness is thin, the photocatalyst effectiveness is also inferior so much. 
[0007] Moreover, it is difficult to form the uniform film in membrane formation by the conventional sol gel process. 
According to the CVD method, the uniform film can be formed, but it is difficult to attain thick-film-ization of a coat on 
the conventional CVD conditions. 

[0008] This invention solves the above-mentioned conventional problem, and while heightening the photocatalyst 
effectiveness by forming the light catalytic coat of a thick film in a tile front face, it aims at offering the approach of 
manufacturing the photocatalyst tile which prevented the iris phenomenon by interference of light, and such a 



photocatalyst tile with a CVD method. 
[0009] 

[ Means for Solving the Problem] The photocatalyst tile of this invention is characterized by the thickness of this coat 
being larger than 0.8 micrometers in the photocatalyst tile which comes to form in a front face the coat which has a 
photocatalyst function. 

[0010] If it is a thick film with the larger thickness of a light catalytic coat than 0.8 micrometers, since thickness is 
thicker than the wavelength of the light, the iris phenomenon by interference will be prevented. Moreover, since the 
light catalytic coat is thick, the photocatalyst effectiveness also improves and effectiveness, such as a good pollution 
control, is acquired. 

[001 1] As for this coat, it is desirable to be formed in homogeneity all over a tile so that there may be no non-covered 
parts, such as a pinhole. 

[0012] In one mode of this invention, a coat consists of only TiO(s)2 substantially. 

[0013] After such a photocatalyst tile of this invention heats a tile in a heating zone, it can be easily manufactured by the 
manufacture .approach of the photocatalyst tile of this invention characterized by forming Ti02 coat with larger 
thickness than 0.8 micrometers in a tile front face by making this tile front face vapor-deposit Ti02 produced in 
hydrolysis of this TiC14 steam at the vacuum evaporationo room where TiC14 steam generated in TiC14 steam 
generating furnace is introduced. 

[0014] In such an approach, a coat with high bond strength can be formed by heating the tile at 300-800 degrees C in 
the heating zone. Moreover, while making temperature of a heating zone into 500-700 degrees C, the big light catalytic 
coat of thickness can be formed by one membrane formation actuation by making temperature of TiC14 steam 
generating furnace into 45 degrees C or more. 

[0015] By calcinating Ti02 coat formed of vacuum evaporationo at 500-900 degrees C (crystallization annealing), Ti02 

crystal phase in a coat is made to increase further, and light catalytic ability can be raised further. 

[0016] 

[Embodiment of the Invention] The gestalt of the operation of this invention to the following is explained to a detail. 
[0017] In this invention, the metallic oxide of Zr02, ZnO, Sn02, W03 and Bi 203 besides Ti02, SrTi03 and Fe 203, 
and V205 grade is mentioned as matter which has the photocatalyst function of the light catalytic coat formed in a tile 
front face. These metallic oxides may use one sort independently, and may use two or more sorts together. 
[0018] A coat consists of one modes of this invention only Ti02. The coat which consists only of thisTi02 has a very 
high photocatalyst function. 

[0019] Such a light catalytic coat is formed in a coat thicker than 0.8 micrometers in this invention. In 0.8 micrometers 
or less, there is a problem of the iris according [ the thickness of a light catalytic coat ] to interference, and sufficient 
photocatalyst effectiveness cannot be acquired. Since coat formation cost will soar if this light catalytic coat is too thick, 
as for the thickness of a light catalytic coat, it is more greatly [ than 0.8 micrometers ] desirable to be especially referred 
to as 0.8-1 .2 micrometers 2 micrometers or less. 

[0020] Like the above-mentioned, with a sol gel process, distribution of the light catalytic matter of the Ti02 grade in 
the light catalytic coat formed becomes uneven, and such a light catalytic coat, is preferably formed by CVD from the 
ability of a homogeneous high property light catalytic coat not to be formed, although forming with a sol gel process is 
also possible. 

[0021] The manufacture approach of the photocatalyst tile of this invention of forming a Ti02 light catalytic coat in 
below by CVD, and manufacturing a photocatalyst tile is explained. 

[0022] In this invention, CVD-Ti02 coat can be formed like the conventional method shown in drawing 1 except 
adopting the following suitable CVD conditions. 

[0023] ** The bond strength of a coat can be raised by making temperature of the temperature heating zone 3 of the 
heating zone 3 into 300-800 degrees C. In order to especially form Ti02 coat of a thick film thicker than 0.8 
micrometers by this invention, it is desirable to make temperature of this heating zone 3 into 500-700 degrees C. Thus, 
it becomes possible by raising the preheat temperature of a tile 2 to form Ti02 coat of a thick film by one membrane 
formation actuation. 

[0024] ** Although temperature of TiC14 steam generating furnace 5 is made into about 35 degrees C in the 
temperature conventional method of TiC14 steam generating furnace 5, in order to form Ti02 coat of a thick film 
thicker than 0.8 micrometers in this invention, as for especially the temperature of this TiC14 steam generating furnace 
5, it is desirable to consider as 50-70 degrees C 45 degrees C or more. Thus, by raising the temperature of TiC14 steam 
generating furnace 5, a lot of TiC14 steams are generated and Ti02 thick coat of thickness can be formed. In addition, 
what is necessary is the humidity of this vacuum evaporationo room being low, and putting the container into which 
water's was put into the vacuum evaporationo interior of a room, and making it just generate a steam at the vacuum 
evaporationo room 4, when the moisture for hydrolysis runs short, although hydrolysis advances with the moisture in an 



ambient 'atmosphere. Moreover, atmospheric air may be supplied to a vacuum evaporationo room, or a steam may be 
added to this atmospheric air. 

[0025] The thickness of the Ti02 vacuum-evaporationo film formed can be easily adjusted by adjusting the residence 
time of the vacuum evaporationo room 4, or adjusting the temperature of TiC14 steam generating furnace 5, and 
fluctuating the amount of TiC14 vacuum evaporationo. 

[0026] In addition, as for other CVD conditions, it is desirable to adopt the following conditions. 
[0027] 

The residence time of a heating zone : 15-30 minutes The ambient atmosphere of a vacuum evaporationo room : 
Atmospheric air (it humidifies if needed) The ambient pressure force of a vacuum evaporationo room : Atmospheric 
pressure The temperature of a vacuum evaporationo room : 150-250 degrees C Cooling rate of a cooling zone : After 
forming the Ti02 vacuum-evaporationo film with such a CVD method by 30-40-degree-C/, it is desirable to calcinate 
and carry out crystallization annealing treatment of the formed Ti02 vacuum-evaporationo film at 500-900 degrees C. 
By performing such crystallization annealing treatment, Ti02 crystal phase is made to increase further and the light 
catalytic ability of a Ti02 light catalytic coat can be raised. 

[0028] In addition, the compound light catalyst nature coat of Ti02-Si02 or Ti02-Sn02 grade can be formed in 
formation of the Ti02 vacuum-evaporationo film by the CVD method by using together other vacuum evaporationo raw 
materials, such as SiC14 (silicon tetrachloride) and SnC14 (tin tetrachloride), with TiC14. 
[0029] 

[Example] An example and the example of a comparison are given to below, and this invention is more concretely 
explained to it. 

[0030] The Ti02 light catalytic coat of the thickness shown in Table 1 was formed by forming the Ti02 vacuum- 
evaporationo film in a tile front face, calcinating the formed Ti02 vacuum-evaporationo film at 600 degrees C for 1 
hour, and carrying out crystallization annealing treatment on following CVD conditions, with the CVD method shown 
in an example 1 - 3 drawing 1 . In addition, the vacuum evaporationo room residence time was made in the example 2, 
and made it 80 seconds by the example 3 for 60 seconds for 40 seconds in the example 1 . 
[0031] 

The temperature of a heating zone : The residence time of 650-degree-C heating zone 3 : The ambient atmosphere of the 
20-minute vacuum evaporationo room 4 : Ambient pressure force of the atmospheric-air vacuum evaporationo room 4 : 
Temperature of the atmospheric pressure vacuum evaporationo room 4 : Temperature of 200-degree-CTiC14 steam 
generating furnace 5: Cooling rate of 65-degree-C cooling zone 6 : About the photocatalyst tile obtained a second 30 
degrees C /, viewing investigated the existence of the iris phenomenon by interference, the following criteria estimated, 
and the result was shown in Table 1. In addition, Ti02 coat of an average of 1 -micrometer thickness is equivalent to the 
coating weight of about 0.3 mg/cm2. 

[0032] < valuation-basis >0: - iris-phenomenon-less **: by interference - some [ by interference / iris phenomenon ] - 
- **** x: - about those with an iris phenomenon by interference, and this photocatalyst tile, the methylene blue was 
made to adhere, by measuring the amount of decomposition of this methylene blue, the photocatalyst effectiveness was 
investigated and the result was shown in Table 1 . 

[0033] Adhesion and the decomposition reaction conditions of this methylene blue are as follows. 

[0034] The mask which has 2x2cm opening in a <methylene-blue decomposition test-method> tile is placed, and five 

microliter of methylene-blue ethanol solutions of concentration is dropped 0.01%, and it is made to dry. A tile is put 

into an illumination room after desiccation, and light is irradiated. The light source makes the exposure of light UV 

reinforcement of 2.0 mW/cm2 on a test piece front face using a BLB lamp. The amount of methylene-blue survival on 

the front face of a tile was measured with time as a reflection factor of blue glow using the spectrophotometer, and time 

amount until it is set to one half of primary quantity was found as a methylene-blue half-life. 

[0035] Furthermore, the bond strength of a surface coat was also evaluated by the following approach about this 

photocatalyst tile. 

[0036] By the slide abrasion test based on <coat bond strength examining m'ethod> JIS-6909, abrasives were searched 
for for the nonwoven fabric nylon brush (Scotch whisky bright white of 51 lines made from Sumitomo 3M), and the 
polish load was searched for for 1kg / count of polish to which 2 costs 70cm and a coat exfoliates. 
[0037] In the example 1 of a comparison, and two examples 1, except having made the vacuum evaporationo room 
residence time into 10 seconds by the example 2 of a comparison for 30 seconds in the example 1 of a comparison, 
having made temperature of the heating zone 3 into 400 degrees C, and having made temperature of TiC14 steam 
generating furnace 5 into 35 degrees C, the Ti02 light catalytic coat of the thickness shown in Table 1 was formed 
similarly, it evaluated similarly, and the result was shown in Table 1. 

[0038] Except having made temperature of the example 3 of a comparison, and 4 heating zone into 200 degrees C or 
850 degrees C, the photocatalyst tile was manufactured like the example 1 and the same evaluation test was performed. 



A result" i? shown in Table 1 . 

[0039] The photocatalyst tile to which averaged on the tile front face not with example of comparison 5 CVD method 
but with the sol-gel method, and Ti02 was made to adhere at a rate of 0.3 mg/cm2 was manufactured, and the same 
evaluation test was performed. A result is shown in Table 1 . 
[0040] 
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[0041] 

[Effect of the Invention] According to the photocatalyst tile and its manufacture approach of this invention, there is no 
problem of the iris phenomenon by interference, and moreover, it excels in light catalytic ability, and has a coat with 
high bond strength, and the photocatalyst tile excellent in dirt prevention thru/or a self-consecration operation, etc. is 
offered as explained in full detail above. 

[0042] Such a photocatalyst tile of this invention can be effectively used as various inside-and-outside wearing building 
materials, can continue at a long period of time, and can keep the front face purely and beautiful. 



[Translation done.] 



